Study Design: A cross-sectional observational study involved the analysis of computed tomography (CT) scan data from 125 Indian subjects of 18 years or older with normal imaging findings. Scans were obtained from patients with head injuries as a part of the screening process along with brain CT scans. Purpose: To establish the dimensions of lateral masses of the atlas vertebrae in normal disease-free Indian individuals. Overview of Literature: Lateral mass fixation has become the standard of care in fixation of the supra-axial cervical spine. Many studies have investigated the dimensions of lateral masses in cadaveric specimens; however, studies involving the radiological morphometric analysis of the lateral masses of the atlas vertebra in living patients are lacking. Methods: Subjects underwent craniovertebral junction CT scans during evaluations of head injury. All had normal radiology reports. The CT scans were obtained using a CT Philips Brilliance 64 machine (Philips, Amsterdam, Netherlands) with a slice thickness of 1 mm and then analyzed using Horos software ver. 2.0.2 (Horos Project, Annapolis, MD, USA) on a MacBook. Results: Lateral masses of the atlas vertebrae were found to be larger in males than females and larger on the right than the left side. The angle of permissible medialization was found to be larger on the right side. The analysis of the average dimensions indicated the conventionally described screw positions to be safe.
Introduction
The craniovertebral junction comprises the basi-occiput, atlas, and axis vertebrae. Various pathologies that affect this region result in medullary compression and, ultimately, death. Such pathologies include congenital or acquired atlanto-axial dislocation, basilar invagination, traumatic fracture dislocations, and infective diseases, such as tu-berculosis and tumors. Various methods of decompression and fixation have been described for the atlas and axis vertebrae. Of these, lateral mass fixation is the most commonly used technique. The trajectories and sizes of the screws have been described from cadaveric studies involving a limited number of specimens. The present study aimed to establish dimensions of lateral masses of the atlas vertebrae and the variation, if any, among the normal disease-free Indian population using a computed tomography (CT) scan analysis. The results of this study will provide guidance to clinicians and may inform preoperative planning.
This study includes a morphometric analysis of the lateral masses of the atlas vertebra in the normal Indian population.
Materials and Methods
This study was an observational cross-sectional study involving normal Indian subjects who attended a tertiary care hospital from 2013 to 2016. The sample size was 125 and included males and females aged 18 years or older. All subjects underwent craniovertebral junction CT scans as a part of the evaluation for a head injury. Only those with normal reports were included in the study. Exclusion criteria were cervical spine fracture/dislocation, rheumatoid arthritis, previous history of surgery, tumors, or cervical myelopathy with a spinal canal diameter of ≤12 mm. The evaluation of CT scans was carried out using Horos software ver. 2.0.2 (Horos Project, Annapolis, MD, USA) on a MacBook. The CT scans were recorded using a CT Philips Brilliance 64-slice machine (equipment no., 52952467; Philips, Amsterdam, Netherlands) with a slice thickness of 1 mm.
Various dimensions were analyzed, as described below. The extent of lateral masses of the atlas vertebra is illustrated in Figs. 1 and 2 [1] .
Axial section

1) Standardization
Each section was taken parallel to the inferior articulating facets in the sagittal plane and centered on the vertical axis of the odontoid process in the coronal section.
Three levels were evaluated as follows (Fig. 3A-C): (1) the level of inferior articulating facets, i.e., the inferior extent of lateral masses (Fig. 3A) ; (2) the level of the maximum diameter of the transverse foramen (Fig. 3B) ; and (3) the level of the superior articulating facets (Fig. 3C ). Lengths were measured at each level as follows. (1) The anteroposterior line was drawn in the central part extending from the anterior to the posterior extent. (2) The line was divided into four symmetric parts. (3) The lengths measured were as follows: anteroposterior distance (length); and medial-to-lateral distance (width) of the anterior, middle, and posterior parts.
2) Significance
The above measurements correspond to the screw param- 
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eters as follows. (1) The inferior facet relates to the inferior limit of the lateral masses. (2) The superior facet relates to the superior limit of the lateral masses. The width of the posterior part of the lateral masses indicates the entry point of the lateral mass screw (according to the technique of Goel and Laheri [2] , the center of the posterior end of the lateral masses is taken as the entry point). The width of the central part of the lateral masses indicates the center of the lateral mass screw. The maximum diameter of the transverse foramen is used to determine the narrowest width of the lateral masses. The width of the anterior part of the lateral masses is used to identify the exit point of the lateral mass screw.
3) The angle of maximum medialization (at the level of the superior articulating facets) (Fig. 4) The plane passing through the midpoint of the posterior wall of the lateral masses was identified by measuring the posterior height of the lateral masses on the sagittal view and dividing it in half, parallel to the inferior facet. The angle between the sagittal plane (a line parallel to the line passing between the anterior and posterior tubercles) and the line tangential to the medial wall, which passes through the midpoint of the posterior border.
4) Significance
This is used to determine the maximum medial angulation of the screw to avoid touching the internal carotid artery (ICA) (the ICA usually lies in front of the middle or lateral thirds of the lateral masses of C1).
Sagittal section
1) Standardization
The plane passing through the midpoint of the posterior border of the lateral masses was confirmed on axial section, i.e., in the middle part of the lateral masses with the sagittal axis centered over the dens.
The parameters measured were as follows: (1) angle of cranialization, defined as the angle between the horizontal plane and the line joining a point 2.5 mm inferior to the posterior arch and anterior end of the superior surface of the lateral masses (Fig. 5A) ; (2) height of the lateral masses below the posterior arch (Fig. 5B) ; and (3) anteroposterior distance between the midpoint of the posterior wall of the lateral masses (determined by calculating the midpoint after measuring the posterior height) and a point on the anterior surface of the lateral masses, the line joining them making an angle of 15° to the horizontal (Fig.  5C ).
2) Significance
This gives the approximate length of the lateral mass screw and the maximum angle of cranialization that can be used at the entry site to avoid entering the atlanto-occipital joint. And this gives the posterior part of the lateral masses below the posterior arch of the atlas represents the area that is accessed during surgery for the entry of the screw.
Coronal section
1) Standardization
The plane is parallel to the inferior facets on the sagittal section with a line joining the anterior and posterior tubercles parallel to the sagittal plane in the axial section. Three levels were evaluated as follows: (1) at the anterior end of the posterior arch (Fig. 6A) ; (2) maximum diameter of the transverse foramen (Fig. 6B) ; and (3) anteriormost extent of the lateral mass confirmed on the sagittal and axial sections ( Fig. 6C ).
At every level, a vertical line was drawn in the middle part, parallel to the line joining the apex of the dens and the midpoint of the inferior border of the body of axis; this line was divided into four symmetric parts. The lengths that were measured were: (1) mediolateral distance, i.e., the width of the superior, middle, and inferior parts; and (2) vertical distance in the middle, i.e., the height.
Results
The CT-scan-based analysis was carried out for the lateral masses of the left and right sides of the atlas vertebrae.
The measured values are detailed in Tables 1 and 2 . Statistical analysis revealed a significant difference between the male and female vertebrae (Table 3 ) and between the right and left sides (Table 4) . Significant results are presented in Tables 1-4 , with the following being most notable: (1) The widths of the lateral masses in the anteroinferior (p=0.01) and superoposterior parts (p=0.00) were smaller on the left side compared with the right. (2) The overall width of the lateral masses was smaller among the female than male subjects (p=0.00). (3) The maximum angle of medialization was larger on the right side than the left side (p=0.00). (4) The height of the lateral masses was larger on the right side and in male subjects; however, the difference was only marginally statistically significant (p=0.02).
Discussion
Treatments for fractures and dislocations of the cervical spine aim to protect the spinal cord from further damage, reduce malalignment, and provide long-term stability. Posterior stabilization of the cervical spine has been advocated mainly for fractures, disco-ligamentous diseases, post-laminectomy kyphosis, and instability due to various conditions, such as tumors, infections, and malformations. The first technique of internal fixation was spinous process wiring; in 1942, Rogers [3] introduced his method of interspinous wiring. Modifications of this technique have since been reported to have good outcomes and few complications. With the progression of modern devices, screws and plates have been primarily used due to their superior anchorage, which allows a shorter fixation, appropriateness to functional recovery, and lighter immobilization device.
Atlanto-axial instrumentation is indicated for C1-C2 segmental instability resulting from trauma, such as transverse atlantal ligament rupture or dens fracture, rheumatoid arthritis, or congenital anomalies. Historically, the Gallie [4] technique has been used to stabilize C1-C2 as this posterior fusion technique ensures good resistance to flexion and is indicated in unstable extension conditions, such as transverse atlantal ligament rupture or dens fracture with anterior displacement. However, interspinous process wiring has limitations, particularly in patients with fractured facets, spinous process, or lamina with extension and rotational instability. In 1987, Magerl et al. [5] described a rigid C1-C2 transarticular screw fixation technique. These screws offer improved rigidity, especially in rotation, and increased maintenance of reduction than wired fusions. Magerl screws should be considered for patients with acute or chronic atlanto-axial instability, when revising C1-C2 pseudo-arthroses, as part of occipitocer- The use of C1 lateral mass screws was first described by Goel and Laheri [2] in 1994 and later by Harms and Melcher [6] in 2001. However, the procedure is technically demanding; the most difficult aspect of inserting a screw into the C1 lateral mass is managing bleeding from the venous sinuses around the C1-C2 complex, which can increase blood loss and operative time considerably. These complications may even require the surgeon to abandon the lateral screw insertion as tremendous bleeding can obscure local landmarks. Resnick and Benzel [7] and Tan et al. [8] described a revised technique for C1 screw insertion in 2002 and 2003, respectively, involving the insertion of the screw through the C1 posterior arch (pedicle analog). The authors suggested that the new entry point will avoid the large venous sinuses; however, the revised technique places the vertebral artery at risk on the cephalad portion of the arch, which may result in C1 root irritation.
Currier et al. [9] described bicortical screw placement as violating the ICA at the anterior surface of the C1 lateral mass. The findings suggest that in approximately 65% of cases, the ICA is located in front of the C1 lateral mass. The ICA is in front of the lateral third of the lateral mass in over 50% of these cases; however, it is never located in front of the medial third.
Gupta and Goel [10] carried out a quantitative analysis of the anatomy of 50 dry atlas vertebrae to determine appropriate entry points and projection of C1 lateral mass screws. Lynch et al. [11] conducted a study on 120 dried atlas specimens and found that 98% could accommodate 3.5-mm screws at the mid portion of the lateral mass. In their series of 160 patients with atlanto-axial instability, Goel et al. [2] used 2.9-mm-and 2.7-mm-diameter screws in adults and pediatric patients, respectively, while applying the C1-C2 lateral mass screw fixation technique.
An anatomical and radiological study of C1 lateral mass screw fixation carried out at the Turkey University Faculty of Medicine found that the minimum height of the lateral mass is 13.66 mm posteriorly and 14.12 mm anteriorly [12] . As the only limitation for the diameter of screw is the anatomy of the entry zone below the posterior arch, larger-diameter screws can therefore be utilized for lateral masses with adequate bony structure. In this study, the maximum medial angulation for the screw was found to be 27.03° (on average) on the right and 32.63° on the left. In the case of medial trajectories of >30°, the screw penetrates into the spinal canal. Furthermore, when the cephalic trajectory is >28°, the screw enters the atlantooccipital joint. A cadaveric study of the vertebral artery to the C1-C2 vertebrae in an Indian population carried out by Cacciola et al. [13] revealed the thickness of the inferior facet under the posterior arch of the atlas to be 1.7-5.2 mm (average, 3.5 mm). The thickness of the posterior arch of the atlas separating the vertebral artery groove from the inferior facet was 2.2-4.8 mm (average, 3.8 mm). The vertebral artery foramen was in the transverse process lateral to the lateral mass of the C1 vertebra, and the groove for the vertebral artery on the superior surface of the posterior arch of the atlas was converted into a complete bony foramen in one of the 20 sides that were examined. The distance from the midline to the medial-most edge of the vertebral artery groove on the outer cortex of the posterior arch was 14.3-19.7 mm (average, 18.2 mm).
The present morphometric analysis of lateral masses of the atlas vertebrae in normal Indian individuals represents one of very few radiological studies carried out on living subjects. Most of the cadaveric studies also involved nonIndian subjects; therefore, the present study will help to establish normal morphometry in an Indian population, where individuals tend to have smaller builds compared with the Western population. This study will provide baseline data for any interventional procedures required to stabilize or decompress the atlas vertebrae.
Our results show that, in the normal Indian population, the lateral masses of the atlas are longer at the superior end, wider in the central area, and narrower anteroposteriorly. The maximum height is at the anterior, and the mean width of the lateral masses of the atlas at the maximum diameter level of the foramen transversarium was 11.3 mm on both sides (range, 8-15 mm on the left; range, 8.9-15 mm on the right). This finding implies that a 3.5-mm screw could be accommodated without violating the vertebral artery and maintaining a wide safety margin. The height of the lateral masses below the posterior arch represents the area that is accessible for the screw entry. The mean posterior height of the lateral masses on the left side was 10.9 mm in the present study (range, 6.5-15 mm) and 11.98 mm (range, 9.5-17 mm) on the right side. The mean height below the posterior arch was 4.58 mm (range, 3.6-6.7 mm) on the left side and 4.42 mm (range, 2.8-6.4 mm) on the right side. This finding suggests that the posterior aspect of lateral mass can be easily entered using a burr.
The mean oblique length of the lateral masses from the sagittal section (which mimics the trajectory of a lateral mass screw) was 16.93 mm (range, 11.9-19.63 mm) on the left side and 15.82 mm (range, 11.3-17.9 mm) on the right. The variability of measurements indicates that screw length cannot be assumed but should be measured for each individual case on preoperative CT images or decided intraoperatively.
The maximum medial angulation of the medial wall of lateral masses was 29.8° (21.3°-33.4°) on the left side and 30.33° (21.9°-37°) on the right side. This result suggests that an angulation of 10°-15° toward the medial side can be used without violation of the spinal canal. The maximum cranial/sagittal angulation or angle of cranialization was 33.83° (range, 21°-48°) on the left side and 33.71° (range, 25°-45°) on the right side. This result suggests that a cranial angulation of 10°-15° is safe to use and will not violate the atlanto-occipital joint.
Conclusions
The morphometry of C1 lateral masses has been investigated in a number of cadaveric studies. These studies have produced extensive literature on the important dimensions of lateral masses with respect to screw insertion and have determined safe limits for screw size and the trajectory of insertion. The purpose of the present study was to determine these parameters in a normal Indian population. As can be seen from the observations mentioned in Table 5 [11, [14] [15] [16] , the dimensions of lateral masses of the atlas vertebrae do not significantly differ between the Indian and Western populations. However, a direct comparison is not possible as those involving Western populations were conducted on cadaveric dried specimens and were not radiological studies. Further studies on cadaveric specimens can be used to investigate Indian populations and confirm our findings. Values are presented as mean±standard deviation. SAF, superior articulating facet; AP, anterior-posterior; IAF, inferior articulating facet; LM, lateral mass; ph, posterior part height; ah, anterior part height; p, posterior part.
